Two flavonols, quercetin (1) and quercitrin (2), were isolated from the leaves of Zanthoxylum piperitum. Their structures were established by UV, one-and twodimensional NMR, and mass spectroscopic methods. Quercetin showed significant inhibition against mushroom tyrosinase with an IC 50 value of 3.8 g/ml, and appeared to inhibit the polyphenol oxidase activity of tyrosinase in a competitive manner (Ki ¼ 10 AE 0:20 M) when L-tyrosine was used as a substrate, although it did not inhibit the melanin production of Streptomyces bikiniensis.
Tyrosinase (EC 1.14.18.1) is a copper-containing enzyme that catalyzes two distinct reactions of melanin synthesis, the hydroxylation of a monophenol and the conversion of an O-diphenol to the corresponding Oquinone. In these oxidation reactions, three different forms of binuclear copper are involved in the active site. 1, 2) Tyrosinase is also known as a polyphenol oxidase (PPO), 3, 4) and the browning of some fruits, vegetables and crustaceans due to tyrosinase causes a significant decrease in their nutritional and market values. This unfavorable darkening due to the enzymatic oxidation of phenols has therefore been of great concern, 5) and tyrosinase inhibitors should have broad applications. In addition, tyrosinase inhibitiors have also become increasingly important in medicinal 6) and cosmetic 7) products in relation to hyperpigmentation. There is therefore a concerted effort to search for naturally occurring tyrosinase inhibitors from plants, because plants constitute a rich source of bioactive chemicals, many of them being largely free from harmful adverse effects. [8] [9] [10] Zanthoxylum piperitum DC (Korean name: Chopi) are deciduous shrubs of Rutaceae and plants native to the Japanese islands, mainland China, and the Korean peninsula. Fresh young leaves and dried fruits of Japaneses pepper are used as a spice to impart a fresh flavor or to suppress any unpleasant fishy and meaty odor in dishes, and as diuretics and stomachics in traditional Chinese and Japanese medicines. 11, 12) We investigate in this study the mushroom tyrosinase inhibitor from the leaves of Zanthozylum piperitum.
During the preliminary screening with mushroom tyrosinase, we observed that the methanol extract of Z. piperitum leaves showed a significant inhibitory effect on L-DOPA oxidation. Fractionation guided by the tyrosinase inhibitory activity indicated the butanol fractions from the extract to have inhibitory activity against mushroom tyrosinase. Little or no activity was produced from the chloroform and water fractions. The biologically active compounds from the butanol fraction were purified by silica gel column chromatography, and the isolated compounds were bioassayed. Two active compounds were finally isolated, their structures being elucidated as quercetin and quercitrin through the results of spectroscopic analyze by IR, MS and NMR. We examined the inhibitory effects of quercetin and quercitrin on the mushroom tyrosinase activity by using Ltyrosine as the substrate. A bioassay was also performed with arbutin and kojic acid as positive controls. The tyrosinase activity in the mushroom tyrosinase solution was inhibited by all tested agents in a concentrationdepended manner. Quercetin and quercitrin are flavonoids abundantly found in the leaves of Z. piperitum. 12) They have been reported to have antioxidative, 13) anticancer, 14) antimicrobial, 15) antiviral, 16) and other activities.
17) The bioassay with pure quercetin and quercitrin showed a dose-dependent inhibitory effect on L-DOPA oxidation by mushroom tyrosinase. Quercetin and kojic acid were more potent than arbutin and quercitrin, with respective IC 50 values of 3.8, 10, 15 and >50 g/ml (Fig. 1) .
The inhibition kinetics of quercetin were analyzed by a Lineweaver-Burk plot (Fig. 2) The three lines obtained from the uninhibited enzyme and from different concentrations of quercetin intersected on the vertical axis. The result for the enzyme remain to be resolved, because the structure of mushroom tyrosinase has not yet been established. The inhibition kinetics analyzed by the Lineweaver-Burk plot indicate quercetin to be a competitive inhibitor of tyrosinase when L-tyrosine was the y To whom correspondence should be addressed. Fax: +82-55-753-4630; E-mail: khshim@nongae.gsnu.ac.kr substrate ( Fig. 2 and Table 1 ). The result indicates quercetin to be a competitive inhibitor of the L-DOPA oxidation by mushroom tyrosinase. Additionally, preincubating the enzyme in the presence of 10 M of quercetin and in the absence of the substrate shows that quercetin did not directly inactivate the enzyme, since it did not significantly decrease the enzyme activity. The foregoing data confirm that quercetin had a strong inhibitory effect on the action of mushroom tyrosinase. Quercetin could be utilized as a natural inhibitor of browning of mushroom and other food sources such as pre-peeled potato, and in juice manufacturing from various plants and vegetables. However, neither quercetin nor quercitrin showed any inhibitory activity at a 30-g/disk concentration against S. bikiniensis.
Experimental
Instruments. IR spectra were obtained with a Hitachi 270-50 spectrophotometer, and MS data were measured Inhibition of tyrosinase. To a 96-well microplate was added 150 l of a 0.1 M phosphate buffer at pH 6.5, 25 l of a 1.5 mM L-tyrosine solution and 7 l of 2,100 unit/ml of mushroom tyrosinase (Sigma, 0.05 mM phosphate buffer at pH 6.5). After incubating at 30 C for 10 min, the amount of dopa produced in the reaction mixture was determined with a microplate reader (BioRad 3550) as the optical density at 490 nm. The inhibitory activity of the sample is expressed as the concentration at which 50% of the enzyme activity was inhibited (IC 50 ). The Michaelis constant (Km) and inhibitor constant (Ki) of the tyrosinase were determined by a Lineweaver-Burk plot with various concentrations of L-tyrosine.
18)
Inhibition of the melanin production of S. bikiniensis. A preserved culture of S. bikiniensis NRRLB-1049 was inoculated into a Papaviza VDYA agar slant (200 ml of V-8 juice, 2 g of glucose, 2 g of yeast extract, 1 g of CaCO 3 , 20 g of agar, and 800 mL of distilled water at pH 7.2). After incubating at 28 C for 2 weeks, the spore mass formed on the aerial mycelia was scraped off with an inoculating loop. The spore suspension of S. bikiniensis was inoculated into agar medium ISP No. 7. After drying the agar surface, a paper disc 8 mm in a diameter soaked with a sample solution was placed on the agar plate. The plate was incubated at 28 C for 48 h; the resulting inhibition zone of melanin formation was measured from the reverse side of the plate. 19) Extraction and isolation. The dried leaves (2 kg) of Z. piperitum were extracted three times with methanol (10 l) each for 3 days at room temperature. The combined methanol solution was concentrated and dried under reduced pressure at a temperature no higher than 45 C. The methanol extract (87 g) was sequentially extracted with chloroform (28.7 g), butanol (27.4 g) and water extracts (30.9 g) for a subsequent bioassay. The organic solvent extracts were concentrated to dryness in vacuo at 45 C, and the water extract was freeze dried. The butanol fraction (27.4 g) was chromatographed in a silica gel column (Merck 70-230 mesh, 500 g, 70 cm Â5:5 I.D.) and successively eluted with a stepwise gradient of chloroform/methanol (99=1 ! 0=1). Active fraction F4 (1.2 g) was combined and applied to a silica gel column, eluting with a chloroform-methanol mixture of increasing polarity (49=1 ! 1=1), to give six major subfraction (F4-1 through F4-6), based on a comparison of the TLC profiles after examination with shortwave UV light (254 nm) and by spraying with 10% v/v sulfuric acid in water. F4-2 was purified by Sephadex LH-20 resin column chromatography by using methanol. Compound 1 (63 mg) was isolated by recrystallization with methanol. The homogeneity of 1 was demonstrated by TLC in a developing solvent system of CHCl 3 -MeOH (3:1) (Rf ¼ 0:65).
Fraction 8 (6.4 g) was combined and applied to a silica gel column, eluting with a chloroform-methanol mixture of increasing polarity (49=1 ! 1=1), to give five major subfractions (F8-1 through F8-5 
